Since the effect of IL1B polymorphisms on IL-1b production is still controversial, we selected two polymorphisms to test their cis-acting effect on IL-1b mRNA expression by means of the allele-specific transcript quantification and the haplotype analysis. As for the CÀ31T polymorphism, we found that expression of the À31T allele was 2.2 times of the À31C allele. This higher transcription efficiency may correspond to the fact that CÀ31T is located in a TATA box. The other polymorphism, C þ 3954T, did not alter the levels of transcription. The use of the allele-specific transcript quantification enables us to exclude trans-acting effects of polymorphisms on the gene expression and contributes to understanding the roles of the IL1B polymorphisms in susceptibility to multifactorial diseases.
Introduction
IL-1 is a proinflammatory cytokine that plays important roles in the immune system. Besides its two functional isoforms, IL-1a and IL-1b, there is a nonsignaling molecule, IL-1 receptor antagonist (IL-1RA), that competes for the receptor binding with the functional IL-1. The genes encoding IL-1a (IL1A), IL-1b (IL1B), and IL-1RA (IL1RN) comprise a cluster on the human chromosome 2.
1 Recent genetic epidemiological studies have accumulated evidence that certain polymorphisms in the IL1 cluster are involved in diseases. [2] [3] [4] [5] For instance, single-nucleotide polymorphisms in the IL1B have drawn attention because of their association with risks for gastric cancer and Helicobacter pylori infection. 6, 7 However, effects of the polymorphisms are still in a dispute. A study has indicated that the T allele of the IL1B CÀ31T polymorphism located on a TATA box enhanced binding of transcription factors under LPS stimulation, 6 whereas other observations of IL-1b production have suggested that there was no significant association between IL1B polymorphisms and IL-1b production in vitro 8 and that the À31C was the higher expressing allele in vivo. To elucidate the effect of IL1B polymorphisms on IL-1b expression, we utilized a polymorphism in the transcribed sequence, C þ 3954T, as a tag for measuring the relative amount of the allele-specific transcripts in cells heterozygous for this polymorphism. An allele-specific transcript quantification 10 can be applied to investigate the effects of polymorphisms outside the transcribed sequence such as CÀ31T when haplotype information is available. Since either of the alleles serves as an internal control for the other allele in each cell line, it enables us to exclude trans-acting effects. Therefore, a great advantage of the method is to detect efficiently the cis-acting effects of polymorphisms on the gene expression.
Results

Allele and haplotype frequencies
We have determined frequencies of the IL1B genotypes, alleles, and haplotypes in the Indonesian population (Table 1) . Extremely low linkage disequilibrium (LD) coefficients, D 0 and D
2
, between the CÀ31T and C þ 3954T indicated that there is no LD between the two polymorphisms. We observed 24 individuals with the þ 3954C/T heterozygous genotype, which can be used in the allele-specific transcript quantification.
Cis-acting effect of the polymorphisms on IL1B transcription Out of the 24 þ 3954C/T heterozygotes, 23 EBVtransformed lymphoblastoid cell lines were available and used in the study. We measured proportion of the allele-specific transcripts in each cell line. When the C þ 3954T polymorphism alone was taken into account, proportion of the þ 3954C transcripts (0.487 (95% CI: 0.416-0.558)) did not significantly deviate from 0.500 Comparisons between two diplotypes that shared an identical haplotype were also useful to examine haplotypic differences. These comparisons exhibited a significant increase in the transcripts of the À31T allele ( Figure 1 ). These data indicated that the À31T allele expresses approximately 2.2 times the transcripts of the À31C allele, but the C þ 3954T polymorphism did not influence IL1B transcription.
Discussion
To elucidate the participation of genetic polymorphisms in IL-1b production, a lot of studies with controversial conclusions have been performed to date. Genotypes of the CÀ511T polymorphism, where the À511T is in almost complete LD with the À31C, 6,7 did not alter the ILÀ1b production in vitro, 8 whereas the À31C and À511T were associated with the increased IL-1b production in vivo.
9,11
Another polymorphism, C þ 3954T, was also under reservation; some studies have indicated that it was associated with the levels of IL-1b production, 12, 13 while others have shown that it played no role in IL-1b production. 8, 14 IL-1b production, of course, is influenced not only by the IL1B polymorphisms but also probably by several factors such as other genetic backgrounds and epigenetic conditions, which are able to confound the effects of the polymorphisms. To exclude the influence of trans-acting factors, we have employed the allele-specific transcript quantification and unveiled the increased transcription of the À31T allele. This result corresponds to one of the previous observations that the À31T allele constituting a TATA box showed an enhanced interaction with transcription factors. 6 As for the C þ 3954T polymorphism, this study provides clear evidence for the absence of association with IL1B transcription. The discrepancy between the previous studies measuring amounts of IL-1b products and the present study may be attributed to several reasons. One of the reasons may be LD with other polymorphisms that affect production of the other proteins in the IL-1 family. A variable number of tandem repeats (VNTR) in the IL1RN is in strong LD with the IL1B CÀ31T polymorphism in the Caucasian population. 6, 15 Since the VNTR is associated with the levels of IL-1RA 16 that modulates IL-1b production, 17 it could conceal the effect of the IL1B CÀ31T polymorphism. This problem is dissolved by the allele-specific transcript quantification in the present study.
In addition, epigenetic factors complicate in vivo situations; regardless of the IL1RN polymorphism, the À31C/C (ie À511T/T) homozygotes have shown the increased levels of IL-1b production and inflammation in gastric mucosa under H. pylori infection. 9 We may hypothesize that the decreased IL-1b production by the À31C allele enhances the infiltration of activated lymphocytes producing IL-1b into the inflamed region, in which the total amount of IL-1b elevates as a result.
The use of immortalized cell lines is a means in expression studies 18 and has the advantages of reproducibility of the experiments and stable expression of the cytokines. We used EBV-transformed lymphoblastoid cell lines in this study. However, the results obtained with such cell lines are not always generalized because the tissue-specific effect of the CÀ31T polymorphism on mRNA production may be present. It would be required to confirm the effect of the polymorphism using several kinds of tissues.
It has been reported that the IL1B CÀ31T and/or CÀ511T polymorphisms are involved in the susceptibility to several diseases. [19] [20] [21] [22] The present study showing clear evidence for the association between the CÀ31T polymorphism and transcription will contribute to revealing how the polymorphism is involved in the susceptibility to multifactorial diseases and, moreover, to understanding how IL-1b is associated with pathogenesis of the diseases. Besides this polymorphism, many other polymorphisms have associations with multifactorial diseases presumably through the altered levels of transcription. [23] [24] [25] As shown in this study, the allelespecific transcript quantification coupled with haplotype information provides a powerful means to identify the cis-acting effect of polymorphisms on transcription.
Materials and methods
Genotyping and haplotyping
We genotyped 243 Indonesian DNA samples for IL1B gene polymorphisms by means of the PCR-RFLP assays. Ampli Taq Gold DNA polymerase (Applied Biosystems, Foster City, CA, USA) was used for the PCR amplification. PCR primers used in this study are shown in Table 2 . To determine the genotype for the CÀ31T polymorphism, PCR amplification using a primer set, IL1B5 0 F and IL1Bint1R, was carried out. The PCR products were treated with AluI (New England Biolabs, Beverly, CA, USA) that digests the À31T allele. To amplify the region including the C þ 3954T polymorphism, IL1Bint4F and IL1Bint5R primers were used. The PCR products were treated with TaqI (New England Biolabs) that digests the þ 3954C allele.
To determine the haplotype phase in the À31C/T and þ 3954C/T double heterozygotes, we amplified the þ 3954C and the þ 3954T allele-specific sequence using IL1B3954CR and IL1B3954TR as a reverse primer, respectively, and IL1B5 0 F as a common forward primer. These PCR products were subjected to the seminested PCR with IL1B5 0 F and IL1Bint1R primers and then to the RFLP assay with AluI.
Cell culture and RNA preparation In all, 23 EBV-transformed lymphoblastoid cell lines with þ 3954C/T heterozygous genotypes were maintained in RPMI1640 medium supplemented with 10% fetal calf serum and antibiotics. To prepare the standards, þ 3954C/C homozygous and a þ 3954T/T homozygous were also used. We extracted total RNA from 5 Â 10 6 cells using GenElute Mammalian Total RNA Kit (Sigma, St Louis, MO, USA).
Allele-specific transcript quantification
The RNA samples were subjected to the reverse transcription (RT)-PCR using SuperScript One-Step RT-PCR with Platinum Taq (Invitrogen, Carlsbad, CA, USA). The primers used for this RT-PCR were IL1Bex4F1 and IL1Bex7R (Table 2 ). These RT-PCR products were labeled with FITC by the nested PCR using a primer set, IL1Bex4F2 and IL1Bex6R-5 0 FITC (Table 2) . These FITClabeled PCR products were treated with TaqI and then separated on 10% polyacrylamide gel electrophoresis. Fluorescence intensity of digested (260 bp: þ 3954C) and undigested (332 bp: þ 3954T) fragments was measured by using a LAS-1000plus image analyzer (Fujifilm, Tokyo, Japan). Experiments were duplicated for each RNA sample.
To prepare the standard curve, amounts of the RT-PCR products derived from the þ 3954C/C and T/T homozygotes were densitometrically measured on a 10% polyacrylamide gel stained with ethidium bromide. These products bearing the þ 3954C and the þ 3954T were mixed at serial ratios from 1:9 to 9:1 and then subjected to the nested PCR with the FITC-labeled primer. After the TaqI digestion and polyacrylamide gel electrophoresis, we measured fluorescence intensity of digested and undigested fragments. Proportion of the digested fragments was consistent with that of the þ 3954C mixed. 
